tive measure of sleepiness, the Stanford Sleepiness Scale (SSS). 6 The ESS not only covers a wide range of sleep properties, but its score has significantly correlated with mean sleep latency (SL) determined by the MSLT. 5, 7 Although the ESS lacks objective strength, the scale provides a simple and standardized measurement of sleep propensity with high test-retest reliability and internal consistency.
The ESS has been translated and validated in many different languages for the evaluation of daytime sleepiness among patients with diverse cultural backgrounds. [8] [9] [10] Many different language versions of the ESS including the Korean version have been developed by simply translating the original ESS. 8, 9, [11] [12] [13] Although most translated versions have been standardized and validated, none of the studies noted that the original scale does not reflect a non-Western lifestyle. Therefore, the translated version of the ESS may not be appropriate to apply in many countries that do not practice a Western lifestyle. Because such modifications that only involve a simple translation method do not take into account cultural factors such as cultural and social differences, the ESS could either underestimate or overestimate the daytime sleepiness of non-western populations. A majority of Koreans practice the floor culture as people usually live at home with a floor heating system, called the "ONDOL. " 14 Koreans might find the ESS questions confusing given that some questions do not convey a concept of the floor culture. Moreover, the data collected by the Korean Statistical Information Service (KOSIS) showed that 93.4% of the population travel by public transportation, whereas only 4.1% of the total population travel by car. 15 The data demonstrates that public transportation usage is high in Korea. Given that the majority of the population uses public transportation instead of private vehicles, the inclusion of an additional question is necessary to assess sleepiness in a non-driving population. According to the data collected by the Korea Transport Institute (KOTI), on average there were 1.9 licensed drivers and 1.5 personal vehicles per household. The mean number of drivers who drive more than once a month was 1.3 per household. 16 The data illustrates that private car use (or driving prevalence) might not be high among licensed drivers. This further implies that people in Korea use alternative transportation methods more often than they use personal vehicles.
As sleep specialists, we have experienced that some of the questions from the ESS are insufficient to reflect the sociocultural background of Korea. Some modifications are necessary to improve the measurement accuracy of the ESS when administered to the Korean population. Most of the respondents were either confused or hesitant to answer certain questions that refer to situations involving sitting and driving. Ambiguity in interpreting these questions may arise because some Koreans tend to imagine themselves sitting on the floor when asked to think about a certain situation that involves sitting. For these reasons, we aimed to develop a Korean version of the ESS that concerns the Korean lifestyle, such as the practice of the floor culture and less self-driving.
Our research involved developing the modified Korean version of the ESS (mKESS) and testing its feasibility. The KESS 17 does not take into consideration the floor culture practiced by Japanese and Korean populations because it only reflects the Western lifestyle. Hence, when translated into Korean, some questions are not clear about whether respondents are to imagine themselves sitting on the floor or on a chair. Because sitting on the floor is different from sitting in a chair, in terms of resting position a person's chances of dozing off would be different depending on a person's posture. For this reason, we clarified the question by asking the respondents to imagine themselves sitting "on a chair or a sofa" in such situations. We also changed the last question of the KESS because it could underestimate the excessive daytime sleepiness of those who travel by public transportation or non-drivers.
METHODS
The questions from the original scale involve eight different situations that people encounter in everyday life. Questions 1 to 8 involve the following situations: "sitting and reading, " "watching TV, " "sitting, inactive in a public space, " "as a passenger in a car for an hour without a break, " "lying down to rest in the afternoon when circumstances permit, " "sitting and talking to someone, " "sitting quietly after a lunch without alcohol, " and "in a car, while stopped for a few minutes in the traffic. "
1 These questions are listed in the order as presented in the scale. In consideration of the Korean lifestyle, we modified five questions that have references to sitting and driving. Questions 1, 2, 6, and 7 were specified as sitting on a chair or sofa in consideration of those who practice the floor culture. Question 8 was modified to concern both driving and nondriving populations. Question 8 covers a commuting situation involving public transportation that applies to both drivers and non-drivers. The scale was modified and translated into Korean by two sleep specialists and a bilingual Korean who majored in English literature and psychology. Forward and backward translation methods were used to ensure that linguistic and conceptual equivalence to the original scale was obtained. For questions 1, 2, 6, and 7, we specifically asked the respondents to imagine themselves sitting "on a chair or a sofa" and rate the likelihood of dozing off or falling asleep in certain circumstances. For question 8, we asked the respondents to imagine themselves standing on public trans-portation and rate the chance of dozing off or falling asleep. The modified questions-questions 1, 2, 6, 7 and 8-were stated respectively as follows: "sitting on a chair and reading (e.g., a book, newspaper, magazine, or a document), " "sitting on a sofa (or a chair) and watching TV, " "sitting on a chair and talking to someone, " "sitting on a chair quietly after a lunch without alcohol, " and "as a passenger in a vehicle (e.g., a bus or a train) holding a handle or leaning on a chair without alcohol" (Supplementary Material 1 and 2 in the onlineonly Data Supplement).
We also asked the respondents whether they drive or not as a means of categorizing them into the two groups of drivers and non-drivers.
Participants
The recruited participants were divided into three groups. First, a total of 800 general participants were recruited to test the reliability and validity of the mKESS. The general participants were selected proportionally with respect to age (ranging from 10-80 years old), gender, and region (urban and rural areas). From this sample, five participants were excluded as they failed to provide answers to all questions. By asking whether they are self-drivers, the participants were divided into two groups: drivers and non-drivers. Among the 795 participants, there were 421 drivers and 374 non-drivers. This procedure was intended to test the feasibility of question 8 on the mKESS, by comparing the mean score on the item to that of the KESS in the two different groups.
We then recruited 323 patients diagnosed with OSA (73 mild, 88 moderate, and 162 severe OSA) using the nocturnal polysomnography (PSG) from the Korea University Anam Hospital Sleep Center. The OSA patients were administered the mKESS and asked whether they are drivers or non-drivers. Lastly, 20 healthy participants were recruited separately for the assessment of test-retest reliability.
The participants were provided with written informed consent before the enrollment. The current study was approved by the Institutional Review Board of Korea University Anam Hospital (ED14241) and has followed the Declaration of Helsinki.
Assessments
Demographic data including age, gender, and body mass index was collected from all participants ( Table 1 ). The KESS and mKESS were administered to the general population for the comparison of the original and the modified scales. The OSA patients were given the mKESS after testing the feasibility of the KESS and mKESS in the general population. The nocturnal PSG was performed on the patients for the diagnosis of OSA. The OSA patients were divided into 3 groups (mild, moderate, and severe) based on the severity of the OSA, which is determined by the PSG findings including the apnea-hypopnea index (AHI). PSG findings are shown in Table 2 . Participants with an AHI score in the range of 5-14 were classified into the mild group, those with score of 15-29 were classified into the moderate group, and those with an AHI score of 30 or higher were classified into the severe group. In addition, 20 healthy participants were randomly drawn from the local community to evaluate test-retest reliability. The mKESS was administered twice at an interval of 3 weeks. The questionnaire and PSG were both performed and interpreted by the sleep medicine professionals and welltrained research staff. 
Statistical analysis
Statistical analysis of the study cohort was performed using SPSS 18.0 for Windows (SPSS Inc., Chicago, IL, USA). Psychometric methods such as paired/independent samples t-test and reliability analysis were used to evaluate the reliability and validity of the mKESS.
First, performance of the general participants on questions 1, 2, 6, 7, and 8 between the KESS and mKESS was analyzed using paired samples t-test. The corresponding questions from both scales were paired for the comparison of the mean scores. There were five pairs in total: questions 1, 2, 6, 7, and 8 of the KESS and mKESS. The reliability of both scales was examined with Cronbach's alpha. Item-total statistics were also analyzed for an accurate comparison between the KESS and mKESS.
We also conducted a comparative analysis of the items according to the driving status of the participants. Paired samples t-test was performed to compare the mean scores of the original and modified question 8 in the driver and non-driver groups. A key objective of this test was to determine which question was more reflective of the Korean lifestyle when applied to the groups of drivers and non-drivers. We intended to substantiate inclusion or exclusion of the questions for the mKESS based on the results.
Paired samples t-test was performed separately to assess test-retest-reliability of the mKESS with the scores obtained from the 20 healthy participants. Then, the mKESS scores of the OSA patients and the general participants were analyzed and compared to test the validity of the mKESS using oneway ANOVA and independent samples t-test. One-way ANO-VA was performed for the comparison of the mKESS scores among the general participants and each of the OSA groups, and independent samples t-test was performed for the comparison of the mKESS scores between the general participants and OSA patients. All statistical analyses were twotailed, and the level of statistical significance was set at p<0.05.
RESULTS

Participants' characteristics
Participants' demographics and polysomnographic findings are shown in Tables 1 and 2 . Seven hundred ninety-five participants were recruited as the general population and the rest (n=323) were patients with OSA. The mean age of the general population was 44.42±19.73 (mean±SD), and the male to female percentage was 50.2% to 49.8%. The mean age of the self-drivers was 45.92±13.82, and the proportion of male participants was 61%. The mean age of the non-drivers was 42.69±24.67, and the male to female percentage was found to be 38% to 62%.
Among the 323 OSA patients, 162 were diagnosed with severe OSA, 88 with moderate, and 73 with mild OSA (mean age=48.71±16.0, 68.7% male). The mean AHI of the OSA groups was 7.04±3.11, 20.81±11.73, and 49.53±16.94 for the mild, moderate, and severe OSA groups, respectively.
Comparison of the questions from the KESS and mKESS
Results from the paired samples t-test between the questions of the KESS and mKESS in general participants are reported in Table 3 . Among 5 pairs of questions (1, 2, 6, 7, and 8) we found a significant difference for questions 1, 2, 7, and 8 (p<0.05), but not for question 6 (t=-1.44; p=0.151). In addition, there was a significant difference in the total scores 
Reliability statistics
The results from the reliability analysis are presented in Table 4 . The findings revealed that the KESS and mKESS were highly reliable. Internal consistency of the mKESS (Cronbach's α=0.805) was slightly higher than that of the 
Comparison of the mKESS scores between the general population and OSA patients
The comparison analysis on the mKESS total score for the general participants and OSA patients yielded significant findings. The findings from the independent samples t-test are presented in Table 5 . We found a significant difference in mKESS total scores between the general participants and OSA patients, t=-0.978, p=0.029. The total mKESS score for the OSA patients (6.69±4.24) was significantly higher than that of the general participants (6.43±3.74).
However, there was no significant difference between the total scores of the four groups as determined by a one-way ANOVA, F=0.547, p=0.650. Post hoc comparisons using Turkey's HSD indicated that the mean scores for the mild (6.86±4.18), moderate (6.43±4.15), and severe OSA groups (6.76±4.33) were not significantly different from that of the general population (6.43±3.74).
DISCUSSION
The purpose of the study was to develop a modified Korean version of the ESS and test its feasibility for the accurate assessment of daytime sleepiness in the Korean population. The study shares similar objectives with few other studies that have attempted to modify the ESS with regard to cultural differences. 10, 18 A rationale of these studies 10, 18 was that the ESS may not be suitable for patients with diverse living habits, which concurs with our assertion that a cross-cultural adaptation of the original scale was necessary.
Dr. Murray Johns has recently developed a new version of the ESS called the Epworth Sleepiness Scale for Children and Adolescents (ESS-CHAD). 19 Minor modifications were made to the questions that have references to drinking and driving because such questions may not be appropriate for adolescents. 19 Hence, questions 7 and 8 were replaced with "sitting quietly by yourself after lunch" and "sitting and eating a meal" correspondingly. Knowing that these adjustments were made to fit the specific population, modifications to the original ESS may be necessary when being applied to those from different social and cultural groups. Onen et al. 20 have also addressed that the scale requires modifications to improve the response rate among the elderly. The authors have examined the response pattern and found some questions require respondents to be socially and physically active enough to engage in certain activities such as driving. Question 8 was the most commonly unanswered question, which yielded a low response rate among older adults. 20 Such findings further suggest that the scale may not be applicable to certain populations with different sociocultural patterns.
In the present study, the comparison of question 8 between the KESS and mKESS yielded different results based on whether or not an individual was a driver. There was no significant difference in the mean scores of question 8 between the KESS and mKESS when administered to the group of drivers. Given drivers have experience in using public transportation as well as in driving, they were capable of imagining themselves using public transportation and responding appropriately to the modified version of question 8. Yet, the mean mKESS score for question 8 was significantly higher than the mean KESS score for question 8 in the non-driver group. Such a finding suggests that daytime sleepiness related to question 8 from the KESS may be underreported because the non-drivers had to take a drivers' perspective, which they are quite unfamiliar with.
The current study proposed modifications to the ESS that would reflect the Korean lifestyle concerning the floor culture and driving pattern. The reliability and validity of the modified scale were tested systematically to examine whether it measures daytime sleepiness in the Korean population more accurately than the original scale does. The results from this study showed that the modified scale could be more appropriate for the Korean population than the original scale. The content of the mKESS was linguistically validated to be similar to that of the KESS. Hence, a strong correlation between the original and modified scale was found from the item analysis. The mKESS was found to have high internal consistency and good test-retest reliability. These results from the reliability analysis and paired/independent samples t-test support our hypothesis that the suggested modifications enhance the reliability and validity of the original scale. The total mKESS score of the OSA patients was significantly higher than that of the general population, which suggests that the mKESS is capable of distinguishing OSA patients from the general population based on the total score. Hence, the finding verifies the construct validity of the mKESS. However, the mKESS was found to be relatively insufficient for distinguishing the severity of OSA, which can be explained with a low sensitivity of the original scale in the assessment of OSA severity. Previous studies have also reported insufficient sensitivity and specificity to distinguish the severity of OSA as one of the limitations of the ESS. 5, 17, 21 Based on previous and present reports, it can be speculated that the mKESS may not be sensitive enough to distinguish severity of sleep-disordered breathing.
The current study has many strengths in terms of sample size, careful modification of the ESS questions to reflect Korean cultural practices, and the unique attempt to overcome cultural barriers in modifying the original scale. First, the study has a large sample size, which allowed us to perform extensive data collection from both the general population and OSA patients. It also allowed us to determine outliers and yield reliable results in testing the reliability and validity of the modified scale. Considering the sample size and control for demographic factors, it can be concluded that the general population is representative of the Korean population. Moreover, our study is unique in a sense that the scale has been modified to reflect cultural and social practices in Korea. Unlike other studies that attempted to modify the existing scale using a simple translation method, 8, 9, [11] [12] [13] this research involved modifying the scale so that it would fit the Korean environment. The questions that required modification were carefully selected by examining the questions that yielded low response rates among the respondents. Based on other studies that aimed to modify the scale concerning cultural, economic, and social differences, 11, 17, 18 we proposed specific modifications that convey the Korean lifestyle targeting the questions that yielded low response rates.
On the other hand, this study acknowledges several limitations of using a subjective scale. As a subjective scale that relies on self-report, the ESS requires the respondents to read, comprehend, and answer questions in an accurate manner. Daytime sleepiness can be either underestimated or overestimated depending on the subjective reports from the respondents. The validity of the scale can be affected by response bias as the ESS does not have a question that controls for bias in responding. 21 Although the ESS lacking objectivity, including the scale with other objective scales such as the MSLT or MWT would improve the validity of the research. Administering the mKESS in hand with other objective scales would provide a more accurate diagnosis of sleep disorder and quantification of sleepiness. 22 In addition, the recruitment methodology should be noted as another limitation of the study. The general population was not screened for other disorders when recruited. For this reason, we had to refer to this group of participants as the "general population" instead of "healthy participants. " There is the possibility that the total mKESS score could have been affected by the presence of other disorders. Yet, the results from the comparison provide meaningful information about how OSA patients can be distinguished from the other groups of people in Korea by applying the mKESS.
Based on our findings, we conclude that the proposed modification improves the reliability and validity of the ESS. According to the results from the statistical analysis, questions 1, 2, 6, 7, and 8 of the mKESS were found to be similar to or more reliable than that of the KESS. Our findings support that the mKESS can be administered to measure the average sleep propensity of the Korean population as an alternative to the KESS. Given that the mKESS considers cultural specifics of the Korean environment, the use of the modified scale would be helpful to clinicians and researchers in Korea, in order to better examine daytime sleepiness of the Korean population. Further research is required to apply the mKESS developed from the current research to screen for other disorders and conditions that involve daytime sleepiness.
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